At the completion of the feeding period, mice were euthanized, perfused, and the extent of atherosclerosis in multiple vessels was examined. Aortas were stained en face with oil red © 2015 American Heart Association, Inc. Objective-The purpose of this study was to determine the role of the endothelial glucocorticoid receptor in the pathogenesis of atherosclerosis. Approach and Results-Control mice and mice lacking the endothelial glucocorticoid receptor were bred onto an Apoe knockout background and subjected to high-fat diet feeding for 12 weeks. Assessment of body weight and total cholesterol and triglycerides before and after the diet revealed no differences between the 2 groups of mice. However, mice lacking the endothelial glucocorticoid receptor developed more severe atherosclerotic lesions in the aorta, brachiocephalic artery, and aortic sinus, as well as a heightened inflammatory milieu as evidenced by increased macrophage recruitment in the lesions. 
T he glucocorticoid receptor (GR) is a nuclear hormone receptor that is expressed ubiquitously in most cell types and is important in many states of health and disease. Recent work has demonstrated that tissue-specific loss of this receptor can produce profound phenotypes. [1] [2] [3] [4] The role of glucocorticoids in cardiovascular disease is complex. For example, the stress response, which is elevated in chronic conditions such as atherosclerosis, hypertension, and the metabolic syndrome, has been implicated in the heightened vulnerability to disease found in these conditions by activating the hypothalamic-pituitary-adrenal axis and increasing production of circulating endogenous steroid. 5, 6 Conversely, acute high-dose exogenous corticosteroids have been shown to be cardioprotective under some conditions 7 and have been used as potential inhibitors of atherosclerosis and coronary restenosis after coronary intervention. 8 To try to discern more clearly the role of endogenous glucocorticoids during the progression of atherosclerosis and the cell types regulated by endogenous corticosterone, we created a mouse model with an endothelial cell-specific deletion of GR bred onto an Apoe knockout background. Here, we show that loss of the endothelial GR worsens the atherosclerotic phenotype, suggesting that endogenous corticosterone acting via endothelial GR tonically suppresses vascular inflammation and plays a role in limiting the progression of atherosclerosis.
Materials and Methods
Materials and Methods are available in the online-only Data Supplement.
Results
Littermate Apoe -/-GR fl/fl (Apoe -/-) and Apoe -/-GR fl/fl Tie1-Cre (double knock-out [DKO]) mice were fed a high-fat diet for 12 weeks as described. 9 Previously, we have documented the endothelial specificity of the deleted GR in several studies. 1, 3 Both groups of mice had similar weights ( Figure 1A ), triglycerides ( Figure 1B ), cholesterol levels ( Figure 1C) , and corticosterone levels ( Figure 1D ) at baseline and after feeding mice with high-fat diet. Similar corticosterone levels were indicative that there was neither derangement in the hypothalamic-pituitary-adrenal axis in DKO animals nor evidence of heightened stress in these animals. These results are in agreement with previously published work.
O and the percentage of total aortic neutral lipids deposition quantified. As shown in Figure 1E and quantified in Figure 1F , DKO mice showed significantly greater lesion areas than did Apoe -/-mice. There were no differences noted in the anatomic distribution of the lesions when suprarenal and infrarenal aortas were analyzed separately ( Figure I in the online-only Data Supplement). Similar results were obtained in cross sections of brachiocephalic arteries ( Figure 1G and 1H). To determine whether the increased lesion size in the DKO mice was associated with heightened inflammation, tissue macrophages (via CD68 labeling) were assessed immunohistochemically. As shown in Figure 2A and quantified in Figure 2B , DKO animals showed greater macrophage accumulation in the atherosclerotic lesions of brachiocephalic arteries, indicating a heightened inflammatory state. As additional evidence that inflammation was increased in the DKO animals, staining for vascular cell adhesion molecule was also performed in these vessels. DKO mice also showed increased vascular cell adhesion molecule-positive staining in the atherosclerotic lesions ( Figure II in the online-only Data Supplement).
We also examined aortic root lesions in hearts from Apoe -/-and DKO mice. Hearts were prepared and sectioned as described above to allow visualization of the aortic sinus lesions and representative sections are shown in Figure 2C . Quantification of oil red O staining/lesion area ( Figure 2D ) and total lesion area ( Figure 2E ) showed more extensive lesions in DKO mice than in Apoe -/-mice. Macrophage infiltration was also assessed in aortic root lesions via CD68 staining. As shown in Figure 2C and quantified in Figure 2F , DKO mice had increased absolute macrophage area. In addition, lesions in the coronary ostiae were identified in 3 of 6 DKO mice but in none of the Apoe -/-mice ( Figure III in the onlineonly Data Supplement).
In a separate series of experiments, mice were fed the Paigen diet to examine the effect of diet-induced, toll-like receptor 4-dependent inflammation on lesion progression. 10, 11 Although this diet has been studied in this context previously, it is important to note that it may have other effects that were not assessed in our study. Importantly, only 6 of 16 DKO mice survived this diet, whereas 12 of 13 Apoe -/-mice survived ( Figure IV in the online-only Data Supplement). There were no differences in body weight between the groups; however, DKO mice exhibited higher corticosterone levels ( Figure VA and VB in the online-only Data Supplement). Atherosclerotic lesions in the aorta and brachiocephalic artery were also significantly more diseased than in Apoe -/-mice. DKO mice had statistically more infrarenal lesion than in Apoe -/-mice although no differences were observed in the distribution of suprarenal lesions (Figures VI and VII in the online-only Data Supplement). Collectively, these data imply that endothelial GR is critical for the atheroprotective actions of endogenous corticosterone. 
Discussion
The major finding of this study is that loss of the endothelial GR results in a more severe atherosclerotic phenotype in Apoe -/-mice. These results are striking because they demonstrate that elimination of the receptor for the endogenous ligand, corticosterone, in a single-cell type, namely the endothelium, is sufficient to produce this dramatic phenotype. These data support the importance of the permissive actions of endogenous corticosterone via endothelial GR in reducing vascular inflammation and highlights the possibility of tissuespecific manipulation of local glucocorticoid metabolism as a potential therapy for cardiovascular disease. Isozymes of 11β-hydroxysteroid dehydrogenase (11βHSD) are responsible for local regulation of the access of glucocorticoids to their receptors, with the enzyme 11βHSD1 responsible for the conversion of the inactive cortisone to cortisol (or corticosterone in mouse) and 11βHSD2 converting the active cortisol (corticosterone) to cortisone. 12 Both enzymes are known to exist in the endothelium. Previous studies have shown that 11βHSD1 knockout attenuates atherosclerosis, 13 whereas 11βHSD2 deficiency accelerates atherosclerosis 14 indeed suggesting that local glucocorticoid metabolism is the key to understanding endogenous steroid effects in the context of cardiovascular disease. It is interesting to note that both of these studies used mice globally deficient for the enzymes, whereas we achieved a similar magnitude of enhanced atherosclerosis by altering the endogenous steroid milieu in the endothelium only. Our data in mice fed the Paigen diet are somewhat unexpected given that most of the DKO animals die during the feeding period, a phenomenon that is not often seen in mouse models of atherosclerosis. However, the cause of death was not directly assessed. We suspect that the higher corticosterone levels observed in the DKO animals fed the Paigen diet are a marker of increased stress and may have contributed to mortality. These results suggest that that the endothelial GR is profoundly important for maintaining vascular homeostasis and that its loss in combination with a second hit, such as the inflammatory diet used here, accelerates disease. Collectively, these data indicate that both local glucocorticoid metabolism and tissue-specific glucocorticoid interactions are likely important for mediating the complex interplay between endogenous steroids and cardiovascular disease. 
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None. It is well appreciated that endothelial dysfunction is one of the first steps in the development of many cardiovascular diseases, including atherosclerosis. The role of steroids in the pathophysiology of cardiovascular disease is not as clear-cut and published studies exist which demonstrate evidence for both beneficial and detrimental effects of exogenous steroids. Our study directly assesses the role of the endothelial glucocorticoid receptor in the pathogenesis of atherosclerosis. Here, we show that loss of endothelial glucocorticoid receptor results in markedly more severe atherosclerotic lesions both in mice fed a standard Western diet and mice fed the more inflammatory Paigen diet. These data support an important role for endothelial glucocorticoid receptor in suppressing inflammation and also highlight the importance of tissue-specific glucocorticoid metabolism in the pathogenesis of cardiovascular disease. This concept is novel, and provides an explanation for the well-documented permissive role of endogenous cortisol.
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